BACKGROUND: Service organizations and their employees encounter challenges today due to an increase in the average age of employees, a decrease in recruitment, and changes in work tasks, sites, and communities. These factors give rise to physical and psychosocial burdens that can lower the work ability and productivity of the employees.
Introduction
The continuous and increasing changes of work life set new challenges for organizations. While the average age of employees is increasing, there is a simultaneous decrease in recruitment due to budgetary reasons. Job positions and work tasks are also constantly examined and re-structured for optimization purposes. These factors cause both physical and psychosocial burdens that can lower an employee's work ability and productivity [1] . Organizing the work in such a manner that it is both suitable for an employee and maintains the work ability of said employee throughout his or her work career is a challenge. Also, the common goal of the municipal processes in being able to provide a sense of well-being at different levels may become unclear in today's organizational environment [1] . Work should be planned so that it enables both the healthy and productive operation of an employee as well as promotes his or her experience of the significance of the work [2] [3] [4] . In terms of the principles of sustainable development, the planning of work should consider the needs of all stakeholders in the long term as well [5] .
Over the last decades, the number of workplaces in which there are employees of several different employers has increased as organizations focus on their core businesses and subcontract many support services [6] [7] [8] . This development has resulted in networks and work environments that rely heavily on the co-operation of the companies that are involved [9] . In most cases, the outsourced operations are 'support operations' that are needed to run the core operations of the company [10] . Support operations cover services such as financial administration, security, and maintenance of the premises and machinery [11] . Outsourcing the support operations can be seen as an opportunity for a company to focus on its core operations and, thus, to gain business advantages by concentrating on its area of expertise [12] [13] . On the other hand, the support operations for an organization can also be produced by internal service providers, such as specialized units or shared service centers in the form of municipal business units [8] . In these kinds of situations, the actors providing support operations might operate in a similar organizational culture to the employees carrying out the core operations. However, the coordination of their actions in order to guarantee successful cooperation is important.
When an organization outsources or subcontracts some of its operations to another organization, this often leads to the emergence of a shared workplace, especially in the manufacturing and construction industries [9] . By definition of the Finnish legislation, a shared workplace is a workplace where one employer exercises the main authority while other employees of several employers or self-employed individuals work simultaneously or successively so that their work can affect other workers' safety and health. In this case, the employers and self-employed individuals are required by mutual cooperation to make sure that their actions do not endanger the health and safety of any employee at the workplace [14] . The situations and operations at shared workplaces have been studied previously, especially in manufacturing, construction, and transportation and storage sectors [6, [15] [16] [17] .
Networks based on the cooperation of organizations and shared workplaces form systems that can be considered as complex organizations or consortiums of organizations. The study of these kinds of organizations requires both microergonomic examination, concentrating on the individual actors, as well as macroergonomic, or intra-and interorganizational system-level, approaches [18] [19] . Macroergonomics, arising from socio-technical system theory, includes a physical, a social, and an organizational context that are present in a system comprised of several intertwined sub-systems that interact with each other [20] [21] .
Work carried out by an employee can be studied using the framework of the work system. The work system encompasses the person (employee), his or her work task, the tools and technologies he or she uses to accomplish the task, the work environment, and the organization in which the work takes place [20, [22] [23] . The work can be perceived as consisting of processes that result in either positive or negative outcomes, depending on the input and the interrelation among the sections in the work system [23] . The role of psychosocial factors, information and communication within the work system and the interrelation of its elements has also been acknowledged [24] .
Examples of positive outcomes include the productivity, health, and wellbeing of the employees while negative outcomes include stress, accidents, discomfort, absence from work, and the loss of time. The ergonomic development of work, fitting the work for the human being, can be seen as an optimization that aims to enhance the well-being and productivity of the employee [25] .
According to many studies, allowing employees to participate in the development of their own work increases both well-being and productivity at work [25] . The concept of participatory design and development covers all design and development activities where the users of the systems or products are systematically involved in and actively provide input into the design and development process. For example, common design tools include different kinds of models and prototypes, analysis methods, and check-up lists as well as various discussion, ideation, and group 6 work techniques [26] . Thus, participatory design aims to extract and utilize the tacit knowledge possessed by the users or employees [27] .
This study focuses on a municipal organization and the actors within it from the viewpoint of cooperation. As previously mentioned, outsourcing has increased the occurrence of both shared workplaces and situations that are in many ways similar to shared workplaces. In the municipal sector, it is common that certain tasks are transferred to separate subdivisions, business units, or shared service centers. With respect to the precise definition of a shared workplace according to Finnish legislation, this study considers a similar situation where there are several actors working at the same workplace, but they are all employed by the municipality; due to this, the definition of a shared workplace is not fulfilled completely. However, the in-house enterprise in this article is ran by its own managing director and has its own budget, and is thus in many ways referable to private enterprises. Also the work of the employees of the core operations and the in-house enterprise is organized in a manner that heavily resembles that of a shared workplace: Their tasks and tools are different (core operations vs. support operations) and they represent different professions and come from at least to some extent from different organizational cultures, but they share a common work environment, where their work can have an effect on the health and safety of the other party.
In this article, we focus on a participatory ergonomics development process [28] in which both macroergonomic and microergonomic development needs [21] were identified inside a municipal organization. An important focus of this project is to examine if the concept of a shared workplace could be useful for finding means to successfully manage work ability and productivity within municipal workplaces.
Objectives of the study
The case organization in this study is a public in-house enterprise that provides meal and cleaning services. The case organization and its' work ability management processes, supplemented with economic analyses, have been discussed previously by Reiman et al. [1] . In their research, further studies on the workplace level were recommended as a topic for future research. In this study, we respond to this research challenge by providing an in-depth study of two kindergartens and four schools to which this public in-house enterprise provides its services. In our research, the subject workplaces were considered shared workplaces where different actors interacted to provide services aimed at educating children and youngsters. Our special interest was to identify microergonomic occupational safety and health (OSH) development needs and to provide a macroergonomic development process in which solutions for these challenges are provided.
A prerequisite for our study was to include all stakeholder groups working at the target workplaces in the development process. Even though the public in-house enterprise providing the meal and cleaning services was our initial observation unit, we expanded our study to cover all relevant actors at these workplaces. This included the employees, management, and OSH actors from all sectors. Identifying and engaging all relevant stakeholder groups to the OSH development process was the first research task.
By engaging these stakeholder groups in collaborative work, management practices were brought forward to further spread best practices, healthier work environments, and improved work communities. This was carried out by first identifying microergonomic development needs and after that finding solutions to them 8 in participatory manner. This constituted the second research task. The principles of continuous improvement were also present throughout the participatory process.
Furthermore, macroergonomics were emphasized, as the cooperation processes and organizational practices inside the shared workplaces and inside the municipal organization were assessed. A wider goal of the study was to formulate a generalizable model for the management of harmful load factors at shared workplaces.
This was the third research task.
This study yields an analysis of the physical and psychosocial load factors that occur at shared workplaces of a municipal organization from the viewpoint of meal and cleaning services employees. Also the actors needed to find and implement solutions in order to reduce the harmful effect of these load factors are contemplated. In addition, a management model that could be used to manage the work ability at such shared workplaces, is considered.
Methods
This section presents first the target workplaces of the study and the stakeholder analyses carried out for each target workplace. Second, the participatory development process, consisting of the analyses of past and present situations as well as the actual participatory development carried out at these workplaces, is explained.
Target workplaces
The materials for this study were gathered from six workplaces: two kindergartens and four schools. All target workplaces were public kindergartens and schools administered by the municipality -a city of approximately 200 000 inhabitants.
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The target workplaces were chosen so that they would form a representative sample of workplaces where the meal and cleaning services employees of the municipal case organization work. This was realized by including target workplaces that consisted of both old and new buildings, where old ones were not necessarily suitable for today's requirements and one was also listed. One building was also under renovation at the moment of the study. Target workplaces consisted also of both small and large units in terms of numbers of students and kindergarten children. In addition, both individual units and units with many other operations, such as library, youth work etc., were considered.
The choices regarding the target worksites were made by a multi-professional working group consisting of representatives of case organization, human resources, occupational health services, and education and culture services including upper management, middle management, specialists and employee representatives. The target worksites were characterized by the following properties (hereafter, the target worksites are referred to by their respective acronyms):
• K1: Kindergarten operating in an old building.
• K2: Kindergarten operating in a new building.
• S1: School with a small number of students operating in a new building.
• S2: School with a large number of students operating in a new building together with many other operations, such as a library, a kindergarten, and youth work.
• S3: School with a large number of students operating in an old, listed building.
• S4: School with a large number of students operating in an old building under renovation.
Stakeholder analysis
As mentioned, the target workplaces were considered shared workplaces although the researchers identified that these workplaces did not necessarily fulfill all the requirements for a shared workplace according to the Finnish legislation since all of the workplaces' employees eventually worked under one employer (the municipality). The actors of each of the target workplaces are presented in Table 1 with crosses. There were meal and cleaning services employees of the case organization working at each kindergarten and school. In addition to the actors listed in Table 1 , who work permanently at the target workplaces, there were also actors who irregularly carried out work tasks on the school or kindergarten premises or who were important stakeholders in relation to the operations carried out at the school but primarily worked elsewhere. These actors included the supervisors and the OSH actors of the meal and cleaning services provider, education and culture services, and technical services of the municipality as well as real estate managers working for the technical services.
Altogether, these actors formed the group of stakeholders that were engaged in the participatory development process depicted in the following discussion. Table 1 . Actors in the target workplaces (crosses) and the number of representatives of each stakeholder group taking part in the participatory development sessions (in parenthesis). Many of the meal and cleaning service employees are multi-service employees who work at both meal and cleaning services. This is reflected in the ½ numbers used in the table.   INSERT TABLE 1 HERE   11 
The participatory development process
After choosing the target workplaces and identifying the relevant stakeholders in each case, the following development process, covering the past, present, and iterative participatory development aspects, was carried out in each target workplace.
The development process took place over a nine-month period between spring and autumn 2017.
Past
At the beginning, the past instantiations of the target workplaces were analyzed by utilizing multiple data sources. These included workplace specific OSH statistics provided by the management and human resources of case organization, accident and near-miss data provided by the municipal OSH organization, risk assessment reports and personnel surveys provided by the case organization, as well as workplace survey reports from their occupational health service provider.
Present
After the background analysis, the current instantiations of the target workplaces were assessed in terms of work environments and practices. This was carried out through observations of work and interviews. The observations were performed by following the cleaning and meal services personnel during their daily work routines for approximately 0.5 workdays per each of the six workplaces. The work observations were executed by one or two researchers at a time, in cooperation with the OSH representative of the case organization in most cases. The personnel of the target workplaces were also directly interviewed during the observations.
Participatory development
Based on the analysis of the past and present instantiations, the researchers made tentative proposals for the most significant development targets for every workplace. Visualized descriptions were formed, which contained both written and visual information about the observed individual challenges as well as their causes and the possible solutions that had been previously suggested during the observations. The development challenges were divided according to their origins into physical and psychosocial categories by the researchers.
Participatory development sessions, which were organized in the form of workshops, aimed to engage personnel from all groups at the target workplaces, as well as other actors relevant to the workplace operations, in identifying development solutions for the observed challenges. All relevant stakeholder groups of each workplace listed in Table 1 were invited to take part in the development of the work environment and the practices of the meal and cleaning services employees. Table 1 also lists the number of representatives of the employee groups, employers, and OSH personnel who took part in the workshops at each target workplace. At some workplaces, representatives of stakeholders functioning in the same building, such as library staff, youth workers, or caretakers, were also present. The total number of participants in the workshops varied from 5 to 9 persons in addition to 1 or 2 researchers acting as facilitators of the workshop.
Participatory development sessions resulted in both new practical ideas and
sharing of best practices that were already at use. The sessions also elicited tacit knowledge possessed by different employee groups. The lean-oriented 5 Whys methodology was utilized in the sessions to identify the root causes for the challenges [29] . Essentially, the question "Why?" was expressed several times for each identified 13 development challenge to identify the root of the problem; after which, the question was changed to "How?" to solve these problems.
Results
This section presents an analysis of the physical and psychosocial load factors that occur at the target workplaces of the case organization from the viewpoint of meal and cleaning services employees. The actors needed to find and implement solutions in order to reduce the harmful effect of these load factors are contemplated together with the management model for work ability in the discussion within Section 4.
The past and present phases described above provided material for the root cause analyses and the following participatory development phase. Example visualizations of the root cause analyses are presented in Figures 1 and 2 for the musculoskeletal disorders caused by the physical load factors of the meal service employees and the psychosocial load factors experienced by meal and cleaning services employees working at a kindergarten. After the root cause analysis described in the previous section, it was easier to find the solutions to the problems; this was the aim of the participatory development sessions. 
INSERT FIGURE 1 HERE

The development challenges
The development challenges identified at the target workplaces were divided into 15 separate themes according to their origins. In the second round of the analysis, these themes were further categorized utilizing the elements of the work system, namely, the organization, task, tools and technology, and work environment. There were no development challenges categorized under the work system element of employee. This was due to the fact that in the case of the identified challenges, only few could be connected to the acts of the employees of the meal and cleaning services provider themselves and/or be solved by them. Also, the focus of the process was more in the identification of organizational, technological and work environment related factors instead of the actions of an individual employee and his or her responsibilities regarding the management of the load factors of his or her own work. This is further elaborated upon in the discussion within Section 4.
The number of practical challenges related to each theme in each kindergarten (K1-K2) and school (S1-S4), respectively, as well as the total number of solutions suggested in the participatory workshops are listed in Table 2 . The solutions suggested in the workshops included both new practices and good practices already in use at some workplaces that could be spread to other worksites through the different stakeholders taking part in the workshops. Table 2 . The number of development challenges identified at each kindergarten (K1, K2) and school (S1-S4) acting as a target worksite. The final column presents the number of new solutions and identified good practices suggested in the workshops.
INSERT TABLE 2 HERE
General subjects for development
In addition to the development challenges listed in Table 2 , broader subjects for development that were common to several worksites were recognized during the process. These included challenges in identifying and engaging all stakeholder groups in the initial foundational planning process of the premises, promoting communality between the actors of the shared workplace, the demand and supply of knowledge related to ergonomics among the employees, and recognizing the mutual interest of the community in addition to the interest of individual actors or organizations.
Challenges in identifying and engaging all stakeholder groups
It was discussed in the participatory development sessions that the different user groups of the premises with their various needs were not necessarily identified well enough. This could lead to not engaging all needed end-user groups in the initial foundational planning of the premises. At several target workplaces, for example, the facilities reserved for cleaning centers were not sufficient or did not fulfil the needs of the cleaning service work. Also at some workplaces the kitchen facilities no longer matched today's requirements. Taking part in the planning committees of the municipal real estate management department was seen as an important part of the solution. In the cases of many current building and renovation projects, the representatives of the meal and cleaning services provider were already involved in the initial planning. In addition, closer collaboration between the stakeholder groups of the shared workplace, and especially their respective OSH organizations, was desired. For example, regular meetings involving all stakeholder groups were seen as one solution for continuous improvement.
Promoting communality between the actors of the shared workplace
Promoting the sense of community between the actors of the shared workplace was seen as important as well. At several target workplaces, there were already many good practices in use that fostered communality. These included common break rooms and coffee breaks among the employees of the school or kindergarten and the meal and cleaning services employees. The work communities had also developed various methods for interaction and information exchange, such as notice boards and notebooks if there was not enough time for dialogue during work. There were also local practices regarding task allocation for work tasks demanding physical strength. For example, the employees of the school or kindergarten aided cleaning service employees by carrying heavy paper packages or moving furniture. Respectively, in many occasions the drivers delivering the meal supplies brought them into kitchen facilities and placed them on carts to ease the handling of heavy packages. At some target workplaces, the meal and cleaning services employees were seen as integral members of the work community, and they were self-evidently also invited to take part in the staff parties or special occasions, whereas, at other workplaces, this was not a general practice. Thus, the experienced sense of communality varied across the target workplaces. The headmaster of one of the target workplaces where the employees of different personnel groups experienced strong communality summarized this sense of communality as, "It is nothing more than just being open-minded both ways!"
The demand and supply of knowledge related to ergonomics among the employees
There is a need for ergonomic knowledge regarding both the work tasks of the meal and cleaning services employees themselves as well as the choices made by other actors that have an effect on the work load experienced by the meal and cleaning services employees. In addition to a user-oriented design of the premises, knowledge related to usability and ergonomics as well as the identification of all the user groups are necessary in procurement. With the right knowledge, it is possible to decrease the physical load factors experienced by the employees. It was raised in the participatory development sessions that the representatives of the schools or kindergartens who made the procurement decisions regarding the furniture, e.g., carpets or garbage cans, did not have sufficient knowledge of the properties that affect the usability of these items in terms of cleaning services. Choosing the right type of machinery, such as dishwashers, for the kitchen facilities, demands also knowledge on ergonomics. As a means to enhance the ergonomics knowledge of meal and cleaning services employees themselves, the following actions were proposed: more pronounced utilization of the knowledge and guidance of the meal and cleaning services work managers, the induction to work, the maintenance of one's own workmanship, and various campaigns by the organization.
Recognizing the mutual interest of the community
In the participatory development sessions, it was found that, in some cases, the roles and the work of other actors at the shared workplaces were unfamiliar to the employees even though their actions at work would have an effect on the work of the other actors. Therefore, recognizing one's own role as well as the roles of the other actors as parts of a whole would benefit the collaboration and the general functioning.
Furthermore, the interest of the whole municipality (including the kindergarten children and the students) should be acknowledged in addition to the sole interests of each individual actor or organization. 
The model for managing OSH problems at shared workplaces
Discussion
In this research, the concept of a shared workplace was applied to worksites in the municipal sector where a separate public in-house enterprise provided services to municipal organizations. The target workplaces did not entirely fulfill the Finnish legislative definition of a shared workplace since the municipality acts as an employer for both the employees of the public in-house enterprise providing the meal and cleaning services as well as the schools and kindergartens. However, the situation is similar to that of many actual shared workplaces: The employees come from various organizational backgrounds to carry out their own tasks in a work environment where employees of other organizations simultaneously carry out their own work in such a manner that their actions could have an effect on the health and safety of other employees. Due to the outsourcing of operations to other businesses or separate business units, these kinds of situations are common in today's work life. This type of organizational complexity sets new challenges for many branches of industry, including the municipal sector, even beyond those branches where shared workplaces have traditionally been widespread, such as the construction or manufacturing industries.
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At the aforementioned workplaces, the cooperation and collaboration of the different stakeholders or actors are needed to manage the worksite OSH challenges. In this study, this was aimed for by bringing the representatives of various stakeholder groups around the same table at participatory development workshops. Identifying and engaging all relevant stakeholder groups to the OSH development process was the first research task.
Identifying microergonomic development needs and finding solutions to them in participatory manner was the second research task. The implementation of the solutions that were suggested in the workshops for the different development challenges called for actions from various stakeholders. In the case of most of the proposed solutions, it was the action of an actor other than a representative of the meal and cleaning services provider that was needed in order to enact the solution proposal.
The actors who are needed to implement the possible solutions for each development challenge are presented in Table 3 regarding the work system elements of organization, task, and tools and technology, and in Table 4 regarding the work system element of work environment. In addition, it is noteworthy that the actions of several stakeholders might be needed in order to spread good practices to other worksites of the municipal organization. Acknowledging the role of communication between the employee groups and enhancing it could increase the quality and functionality of the work environment.
This could also lead to the teachers and other employees of the school being able to concentrate more on their core tasks [30] .
The limitations of this study are discussed in the following paragraphs. First, the number of target workplaces was six, which is quite low. On the other hand the Altogether, this study presents a development process entailing both microand macroergonomic levels that takes advantage of the concept of a shared workplace in the municipal sector. Despite the above mentioned limitations, we see that these results can be generalized to similar situations in municipal kindergartens and schools where there is a public in-house enterprise providing meal and cleaning services.
Similar situations are also possible regarding other support services as well. The model for the management of harmful load factors at shared workplaces, which was formulated as the third research task, is generalizable to various organizational situations in the municipal sector. Table 3 . The actors needed to implement the possible solutions for each development challenge regarding the work system elements of organization, task, and tools and technology. 
INSERT TABLE 3 HERE
Conclusions
This study aimed to identify the physical and psychosocial load factors in the work of the meal and cleaning services employees working within shared worksites at kindergartens and schools as well as to find practical solutions to observed challenges in their work. The identified load factors were divided into 15 development challenge themes, and solutions were found to almost all of these challenges in workshops that engaged all relevant stakeholder groups of these shared workplaces. Also the actors needed to implement the solutions for each development challenge were identified.
This study provides an example of how OSH management in the complex organizational environment of the public sector could benefit from the concept of a shared workplace, along with engaging all relevant stakeholder groups in OSH 23 development. Furthermore, the development process presented in this study can be applied to various situations where there are several stakeholder groups or actors working at the same workplace. A management model for the work ability at municipal workplaces based on the development process carried out in this study was also suggested.
The theme of this study is timely in today's changing work life, where shared workplaces and similar situations, where there are employees from several organizations or individual business units working at the same workplace, are becoming more and more widespread. This development concerns a wide range of industries.
Simultaneously, due to demographic changes and increasing pressures to lengthen work careers, the work ability of the employees -and the management of it -becomes more important.
Subjects for future research include spanning the review of shared workplaces and similar situations into a wide variety of support services needed in the municipal sector. Also examining branches of industries other than those traditionally connected with shared workplaces, such as construction or manufacturing industry, could prove to be fruitful subject for study. In addition to municipal sector studied in this research, these could include e.g. healthcare and field of trade.
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